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A cementitious composition (1) 
which, in the hardened state, acts as a 
low leaching coating in low alkalinity 
and low hardness waters. The composi- 
tion comprises at least one cement and 
a highly reactive pozzolan. The cemen- 
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CEMENTITIOUS COMPOSITIONS AND THEIR USE 
IN CORROSION PROTECTION 

The present invention relates to cementitious compositions, and 
5 relates to the use of such compositions in corrosion protection. 

The corrosion of metals in contact with water occurs by an aqueous 
electrochemical mechanism. This involves the presence of water containing 
dissolved ions at the metal surface, and the corresponding transfer of the electrons 
from the metal surface to the aqueous environment in contact with it. Corrosion 
10 protection involves interfering with these processes. 

Current internal protection systems for water pipes usually consist of 
either cement mortars or epoxy resin polymeric coatings. Cement mortars suffer 
from a number of problems, such as lime leaching when placed in low alkalinity and 
low hardness waters. This results in impaired water quality by increasing the pH (ie 
1 5 the alkalinity) and calcium concentrations, and causes structural deterioration of the 
cement mortar, which results in poor durability. Epoxy resins can also suffer from 
a number of problems: if they are insufficiently cured, then there may be problems 
with water quality; there may be blistering; and there may be poor coverage at pipe 
joints. 

20 We have now found a way to improve corrosion protection of metal 

surfaces, such as metallic drinking water pipes. We achieve this by providing a 

cementitious composition which, in the hardened state, acts as a low leaching and 

durable coating in low alkalinity and low hardness waters. 

According to one aspect of the invention there is provided a method 
25 of protecting a surface from corrosion, comprising applying to the surface a 

cementitious composition which, in the hardened state, acts as a low leaching 

coating in low alkalinity and low hardness waters. 

The method can be used to protect a wide variety of surfaces from 

corrosion. The method is of particular use in preventing the corrosion of metal pipes 
30 from corrosion caused by moisture. The method has particular application to the 

protection of the inside of drinking water pipes. 
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After the cementitious composition has been applied to the surface it 
can be left to harden. In general sufficient hardening will occur within about 24 
hours, but it may take several weeks for the composition to finish curing. 

The thickness of the composition depends upon the application. 
5 Typically the composition would be applied to a thickness in the range 2 to 16 mm, 
and usually the thickness would be in the range 4 to 8 mm. 

The cementitious composition advantageously comprises at least one 
cement and a component which is capable of reacting with free lime. This reduces 
the amount of lime available to leach. Advantageously, the cementitious 
1 0 composition comprises at least one hydraulic cement and a highly reactive pozzolan 
- the pozzolan is capable of reacting with the free lime. 

It is preferred that the composition comprises not more than 50 parts 
by weight pozzolan, based on the weight of the dry composition, and not less than 
5 parts by weight pozzolan based on weight of the dry composition. It is more 
15 preferred that the composition comprises not more than 30 parts by weight 
pozzolan, based on the weight of the dry composition. 

In one embodiment, the cementitious composition may further 
comprise a cement replacement material, preferably in an amount of not more than 
70 parts by weight, based on the dry composition. The cement replacement material 
20 assists in producing a dense cement with a fine pore structure in the hardened 
cement paste. The cement replacement material is preferably ground granulated 
blast furnace slag (GGBFS - available from Civil and Marine Slag Cement Limited), 
activated blast furnace slag, pulverised fuel ash (PFA - available from Pozzolanic 
Lytag) and/or microsilica powder (e.g. grade 940U available from Elkem Materials). 
25 In certain embodiments, the composition may comprise not more than 

10 parts by weight pozzolan, based on the dry composition. For example, when the 
cement replacement material is provided, it is preferred that the composition 
comprises not more than 10 parts by weight pozzolan, based on the dry 
composition. 

30 A wide variety of cements may be used. Ordinary Portland cement 

(OPC) has been found to be very suitable. Examples of three commercially 
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available cements that are suitable for use with the present invention are: ordinary 
Portland cement to B.S. 12:1991 class 42.5N; Ferrocrete which is a rapid-hardening 
Portland cement to B.S. 12:1991 class 52.5N; and Sulfacrete which is a sulphate 
resisting Portland cement to B.S. 4027:1991 class 42.5N. All three of these cements 
5 are available from Blue Circle Industries. 

The cement may be a Microcem cement, i.e., a superfine Portland 
cement having a greater surface area than conventional Portland cements. 
Microcem 550, Microcem 650SR or Microcem 900 may, for example, be used in the 
invention. 

10 In an embodiment, the cement is a hydraulic cement. The hydraulic 

cement is preferably calcium silicate cement. 

Pozzolans are silaceous and aluminous materials, such as certain fly 
ashes and blastfurnace slags, which, in finely divided form, will exhibit cementitious 
properties when mixed with, for example, lime and water. We prefer to use a highly 

1 5 reactive pozzolan. We have obtained exceptionally good results when the pozzolan 
is metakaolin. Metakaolins can be formed from Kaolinite (AI 2 Si 2 0 5 (OH) 4 ) by 
heating, for example to about 500°C to about 800°C. Metakaolin is available from, 
for example, English China Clay International. Grade Metastar 501 , available from 
English China Clay International, has been found to be very suitable. 

20 The cementitious composition used in the method according to the 

invention may comprise other materials, such as aggregate and a reinforcement 
material such as a fibre reinforcement. The aggregate would typically be a fine 
grade silver sand having a moisture content of, for example, 4.7%. The 
reinforcement may be a polymeric fibre and may be present in an amount up to 40 

25 parts by weight, based on the total weight of the dry composition. 

The cementitious material may include other materials, such as silica 

fume. 

In general, the cementitious composition according to the invention is 
mixed with water before use. This results in the formation of a cement paste. We 
30 prefer that the composition comprises not more than 50 parts by weight water, 
based on the wet composition. 
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The composition may be mixed with sand in order to form a 
cementitious mortar. This cementitious mortar may then be applied to the surface 
to be protected. In general, the amount of sand will be about the same as the 
amount of cement. 

In accordance with the invention a particularly preferred cementitious 
composition comprises: 

Metakaolin: 5 to 1 5 wt% 
OPC: 10to30wt% 
GGBFS: 60 to 80 wt% 

The most preferred cementitious composition comprises: 

Metakaolin: 10 wt% 
OPC: 20 wt% 

GGBFS: 70 wt% 

A particularly effective cement mortar composition would comprise 1 
part by weight of the cement composition with 1 part by weight sand and 0.35-0.55, 
preferably 0.40 to 0.45 parts by weight water. 

According to another aspect of the invention there is provided a 
cementitious composition which, in the hardened state, acts as a low leaching 
coating in low alkalinity and low hardness waters. 

Advantageously, the cementitious composition comprises at least one 
cement and a component that is capable of reacting with free lime, which 
component is preferably a highly reactive pozzolan. 

Preferably, the composition comprises not more than 30 parts by 
weight pozzolan, based on the dry composition, and the composition comprises not 
less than 5 parts by weight pozzolan, based on the dry composition. 

The cementitious composition according to this aspect of the invention 
may be provided with any combination of the features of the cementitious 
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composition described in relation to the method of protecting a surface from 
corrosion protection. The cementitious composition may be mixed with sand to form 
a cementitious mortar composition. 

The method and composition according to the present invention make 
5 it possible to protect pipes, especially drinking water pipes, from corrosion, without 
the usual problems associated with cement mortars or epoxy resins. 

Reference is now made to the accompanying drawings, in which: 
Fig. 1 is a cross-sectional view of a flat surface that has been treated 
with a cementitious composition according to the invention; and 
0 Fig. 2 is a cross-sectional view of a pipe that has been treated with a 

cementitious composition according to the invention. 

In Fig. 1 a substantially planar metallic substrate 10 has been coated 
with a layer 12 of a cementitious composition comprising a hydraulic cement, a 
pozzolan and water. The cementitious composition was applied in the form of a 
5 paste to form the layer 1 2 and was then left to set. The cementitious material cured 
while in contact with the metallic substrate 10 and provides an alkaline environment 
in contact with the surface of the substrate 10. Once fully cured, the cementitious 
coating protects the substrate 10 from electrochemical corrosion and also from 
leaching of the cement by drinking water. 
20 In Fig. 2 a substantially cylindrical metallic pipe 14 has been coated 

with a layer 16 of a cementitious composition comprising a hydraulic cement, a 
pozzolan and water. As in Fig. 1, the cementitious composition was applied in the 
form of a paste to form the layer 16 and was then left to set. The cementitious 
material cured while in contact with the internal surface of the pipe 14 and provides 
25 an alkaline environment in contact with the internal surface of the pipe 14. Once 
fully cured, the cementitious coating product protects the pipe 14 from 
electrochemical corrosion and also from leaching of the cement by drinking water. 
The following examples illustrate the invention. 



30 



Example 1 

Four cement compositions were prepared. One composition comprises 
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100 wt% OPC. The other three compositions comprised: 90 wt% OPC, 10 wt% 
metakaolin; 80 wt% OPC, 20 wt% metakaolin; and 70 wt% OPC, 30 wt% 
metakaolin. 

Each composition was mixed with water and sand at the 
5 sand:cement;water ratio 1 :1 :0.45. 

Blocks of the cement were exposed to a low alkalinity water and the 
pH was monitored with time. There was a 24 hour retention time. The water 
hardness was 20mg/l as CAC0 3 The results are shown in Fig. 3, from which it is 
clear that the compositions containing metakaolin performed much better than the 
10 other compositions. 



Example 2 

A cement composition was made comprising: 

(1) 20 wt% OPC to B.S. 12:1991 class 42.5N available from 
15 Blue Circle Industries. 

(2) 70 wt% GGBFS from Civil and Marine Slag Limited 

(3) 10 wt% metakaolin, grade Metastar 501 from English 
China Clay International (which is a particularly highly 
purified form of metakaolin). 

20 

Two ductile iron pipes of 100 mm diameter and 3 m total length were 
cut into 12 x 250 mm length sections. Each pipe was then in situ lined using 
standard small bore pipe rehabilitation equipment with the assistance of a local 
contractor. One pipe was lined with OPC blended with sand and water in the ratio 
25 1:1:0.4. The second pipe was lined with the ternary composition according to the 
invention blended with sand and water in the ratio 1:1:0.43. The difference in water 
quantity was to produce optimum pump and surface finish properties. 

After lining, the pipe sections were placed in airtight bags (to eliminate 
air circulation) with an environment humidity of about 62%, and were allowed to 
30 cure overnight at about 10°C for about 24 hours. 

The effectiveness of the ternary blend was compared with the OPC 
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over three different water hardnesses, and the results are shown in Figs 4 to 6. In 
each case the retention time was 8 hours. In Fig. 4 there was 10 mg/l as CaC0 3) in 
Fig. 5 there was 35 mg/l as CaC0 3 and in Fig. 6 there was 55 mg/l as CaCQ . In 
each case the composition according to the invention resulted in significant 
reductions in lime leaching. 

It will be appreciated that the invention may be modified within the 
scope of the appended claims. 
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Claims 

1 . A method of protecting a surface from corrosion, comprising applying to the 
surface a cementitious composition which, in the hardened state, acts as a low 
leaching coating in low alkalinity and low hardness waters. 

2. A method according to claim 1, wherein the cementitious composition 
comprises at least one cement and a component which is capable of reacting with 
free lime. 

3. A method according to claim 1 or 2, wherein the cementitious composition 
comprises at least one cement and a highly reactive pozzoian. 

4. A method according to claim 3, wherein the pozzoian is metakaolin. 

5. A method according to claim 3 or 4, wherein the composition comprises not 
more than 30 parts by weight pozzoian, based on the dry composition. 

6. A method according to claim 3, 4 or 5, wherein the composition comprises 
not less than 5 parts by weight pozzoian, based on the dry composition. 

7. A method according to claim 3, 4, 5 or 6, wherein the composition comprises 
not more than 10 parts by weight pozzoian, based on the dry composition. 

8. A method according to any one of claims 2 to 7, wherein the cementitious 
composition further comprises a cement replacement material in an amount of not 
more than 70 parts by weight, based on the dry composition. 

9. A method according to claim 8, wherein the cement replacement composition 
is ground granulated blast furnace slag and/or pulverised fuel ash. 
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10. A method according to any one of claims 2 to 9, wherein the cement is a 
hydraulic cement. 

11. A method according to claim 10, wherein the hydraulic cement is calcium 
5 silicate cement. 

12. A method according to any preceding claim, wherein the cementitious 
composition further comprises aggregate. 

10 13. A method according to any preceding claim, wherein the cementitious 
composition further comprises fibre reinforcement. 

14. A method according to any preceding claim, wherein the cementitious 
composition further comprises water. 

15 

15. A method according to claim 14, wherein the cementitious composition 
comprises not more than 50 parts by weight water, based on the wet composition. 

16. A method according to any preceding claim wherein the cementitious 
20 composition is mixed with sand to form a cementitious mortar composition, prior to 

being applied to said surface. 

17. A method according to any preceding claim, wherein said surface is a metal 
surface. 

25 

18. A method according to any preceding claim, wherein said surface forms part 
of a pipe. 



19. A method according to any preceding claim, wherein said cementitious 
30 composition is hardened after application to the surface. 
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20. A cementitious composition comprising at least one cement in combination 
with metakaolin. 

21 . A composition according to claim 20, comprising not more than 30 parts by 
5 weight metakaolin, based on the weight of the dry composition. 

22. A composition according to claim 20 or 21 , comprising not more than 1 0 parts 
by weight pozzolan, based on the dry composition. 

10 23. A composition according to claim 20 t 21 or 22, further comprising a cement 
replacement material in an amount of not more than 70 parts by weight, based on 
the dry composition. 

24. A composition according to claim 23, wherein the cement replacement 
15 composition is ground granulated blast furnace slag and/or pulverised fuel ash. 

25. A composition according to any one of claims 20 to 24, wherein the cement 
is calcium silicate cement 

20 26. A composition any one of claims 20 to 25, further comprising aggregate 
and/or fibre reinforcement. 

27. A composition according any one of claims 20 to 26, further comprising not 
more than 50 parts by weight water, based on the wet composition. 

25 

28. A cementitious mortar composition comprising a mixture of cementitious 
composition according to any one of claims 20 to 27 and with sand. 

29. A pipe comprising a hollow metallic conduit and a coating provided on an 
30 internal and/or external surface of the conduit, wherein the coating comprises a 

composition according to any one of claims 20 to 28. 
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□ the description, pages: 

□ the claims, Nos.: 
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considered to go beyond the disclosure as filed (Rule 70.2(c)): 
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Novelty (N) 


Yes: 


Claims 


7,9,29 
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Claims 


1-4,6,8,10-28 


Inventive step (IS) 


Yes: 


Claims 


29 




No: 


Claims 


1-28 


Industrial applicability (IA) 


Yes: 


Claims 


1-29 




No: 


Claims 





2. Citations and explanations 
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VIII. Certain observations on the international application 

The following observations on the clarity ot the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. The following documents (D) are referred to in this communication; the numbering 
will be adhered to in the rest of the procedure: 



D1 = GB-A-2 294 259 
D2 = WO-A-89/02878 
D3 = WO-A-95/11863 



1.1 D1 discloses a pozzolanic material for incorporation in a concrete composition in 
order to enhance its durability in low pH environments (cf. p. 1 of D1). The 
pozzolanic composition comprises mixture of 2 - 50 wt.% metakaolin in an 
aqueous medium. At p. 3, first paragraph it is mentioned that metakaolin en- 
hances the durability of glass fibre-reinforced concrete. 

The disclosure in D1 is novelty-destroying for claims 1 - 4, 6, 13 - 15, 20 and 26, 
at least in their present, unclear form (cf. item VIII below). 

1 .2 D2 discloses a cement composition comprising 50 - 80 parts portland cement, up 
to 10 parts metakaolin, 13-35 parts fly ash and up to 6 parts slag (cf. the claims 
of D2). Portland cement contains calcium silicates. The slag is particularly blast 
furnace slag (cf. p. 4, 3rd paragraph of D2). According to Example 2 of D2, the 
composition may further comprise "aggregate" in form of gravel and sand, the 
water content based in the wet composition is less than 50 parts by weight. 

The disclosure in D2 is novelty-destroying for claims 20 - 28. 

1.3 D3 discloses the provision of a lining for metal pipes in order to enhance their 
corrosion resistance especially for geothermal fluids. In particular, a mixture 
comprising cement, preferably portland cement is used. The cement includes 
fibrous material and non-fibrous aggregate, such as silica flour which is consid- 
ered as a type of "sand". The dry mixture is hydrated so as to form a slurry. It 
appears that such requires less than 50 parts by weight of water, based on the 
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wet composition (see in this connection, Example 2 of D2). For reference, see 
pages 1 to 3 of D3. 

The disclosure in D3 is novelty-destroying for claims 1, 2, 8 and 10 - 19 at least in 
their present, unclear form (cf. item VIII below). 

2. According to the comments above, claims 1 - 4, 6, 8 and 10 - 28 do not meet the 
requirements of Art. 33(2) PCT. The subject-matter of claims 7 and 9 rather 
appears to refer to design-features of their known antecedents. Such is not 
considered as inventive. Thus those claims do not meet the requirements of Art. 
33(3) PCT. The subject-matter of claim 29 is not known or implied by the available 
prior art. Thus, the requirements of Art. 33 PCT are met for this claim. 

Re Item VI 

Certain documents cited 

Application No Publication date Filing date Priority date (valid claim) 

Patent No (day/month/year) (day/month/year) (day/month/year) 

DE-A-196 00 445 10.07.1997 09.01.1996 

The validity of the priority claim of the present application has not been checked 
because the priority documents were not available. 

Re Item VIII 

Certain observations on the international application 

1 . Obscurity arises as to the scope of protection sought when reading claims 1 and 2 
which are defined by result ("... composition which ... acts as low leaching coating 
in low alkalinity and low hardness waters"; "... component which is capable of 
reacting with free lime"). A claim must contain all essential features which enable 
the skilled person to carry out the invention (cf. the PCT-Guidelines ch. Ill, 4.4). If 
a claim is defined by result it has to be considered that the skilled person is 
familiar with the particular method to achieve the result. In such a case, however, 
it is not derivable which features of claims 1 and 2 should be considered as novel 
and inventive. This objection is compounded since definitions, such as 
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"cementitious composition", "low leaching coating", "low alkalinity" "low hardness 
water" have not a clearly limited meaning. The feature "... component which is 
capable of reacting with free lime" is already anticipated by water. In the broadest 
possible interpretation, claim 1 appears to be already anticipated by any applica- 
tion of a paint for the protection of any surface in contact with rain water which is 
normally of low alkalinity and hardness. In this connection, the wording 
"cementitious composition" without further definition is considered to be covered 
by any hardening composition, for instance a polymer which is a usual component 
of paints (e.g. polyacrylate or epoxy resin) and which does not leach in the 
hardened state if contacted with water. 

2. Furthermore, obscurity arises as to claims 5 to 7 and 22 which are broader 
defined than their antecedents. Claims 5 to 7 and 22, which refer inter alia back to 
claims 4 or 21, respectively, claim "pozzolan" which has a broader meaning than 
"metakaolin" claimed in the antecedents. 

3. Claims 8 and 23 are not clear as the feature "cement replacement material" has 
an indefinite meaning. 

4. Consequently, claims 1, 2, 5 - 8, 22 and 23 do not meet the requirements of Art. 6 
PCT. 
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